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Abstract 



A medium and a method for electrophoresis is disclosed, wherein the medium comprises (a) a 
po™et Xroi^e (PTFE) fibril matrix, and (b) particulate, electrically mobile ions, and sufficient 
nquid in the interstitial spaces of said matrix to allow for ion transport, the ratio of sard particulate to 
PTFE being in the range of 99:1 to 4:1 by weight, and said ions being present in said liquid m an amount 
to provide a solution of concentration in the range of 1 to 1000 millimolar, ^d wherei n a .Imost all of said 
particulate are separate one from another and are isolated in cages or cage-like structures of PTFE 
microfibers. 
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@ Medium for electrophoresis. 

@ A medium and a method for electrophoresis 
is disclosed, wherein the medium comprises 

(a) a polytetrafluoroethylene (PTFE) fibril mat- 
rix, and 

(b) particulate, electrically mobile Ions, and 
sufficient liquid in the interstitial spaces of said 
matrix to allow for ion transport, 

the ratio of said particulate to PTFE being 
in the range of 99 :1 to 4 ;1 by weight, and said 
ions being present in said liquid in an amount to 
provide a solution of concentration in the range 
of 1 to 1000 mfllimoter, and wherein almost all 
of said particulate are separate one from 
another and ere Isolated In cages or cage-like 
structures of PTFE miercfibers. 
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FIELD OF THE INVENTION 

This Invention relates to eiectrophoretic media 
which are self supporting composite structures and a 
method therefor, the media comprising a polytetraf- 
luoroethyfene (PTFE) fibril matrix having liquid, elec- 
trically mobile ions, and particulate incorporated 
therein. In another aspect a method of using the com- 
posite structures in eiectrophoretic separations is dis- 
closed. 

BACKGROUND OF THE INVENTION 

Eiectrophoretic processes are known in the art 
and provide a means of separating, purifying, and 
analyzing mixtures. 

Electrophoresis is an etectromigration separation 
process based on differences in mobilities of electri- 
cally charged particles, solutes, or components of 
mixture in an electrical field. Species separated are 
generally charged. Neutral species can be separated 
if electroendoosmotlcflow is present Generally, there 
are two types of electrophoresis in use: moving 
boundary or "free* electrophoresis, in which sepa- 
ration takes place in free solution, and zone 
electrophoresis in which separation takes place utili- 
zing solid supports. Electrophoresis is discussed in 
New Directions in Eiectrophoretic Methods, Phillips, 
Marwhalt. Ed., American Chemical Society, Washing- 
ton. D.C., 1987, pp. 1-20, and in Electrophoresis, Z. 
Deyl, Ed., G. Chromatography Library, Elsevier, New 
York. NY, 1979, pp. 1-37. 

Presently, the most common type of 
electrophoresis is zone electrophoresis wherein cer- 
tain solid or gel-type supports are used. The support 
serves as an anticonvection medium that limits free 
diffusion, and can aid the separation process through 
physical or chemical interactions with components of 
the mixture being separated. 

Supports generally used In electrophoresis are 
solids such as paper and cellulose derivatives, and 
gels which are prepared from acrylamlde, starch, 
agarose, and other materials. Gel electrophoresis Is 
the most widely used form in this separation tech- 
nique and finds application in analytical and prepara- 
tive separation of proteins, nucleic acids, and other 
biological macromolecules. Several farms of gel 
electrophoresis In use include normal or native gel 
electrophoresis, denatured/sodium dodecyl sulfate 
(SDS) electrophoresis, isoelectric focusing (IEF) and 
immuneleclrophoresis. as is known to those skilled in 
the art 

A conventional gel or gel slab for use in gel 
electrophoresis must be very thin to optimize speed, 
resolution, and to minimize localized heating. Thin 
gels, however, are very fragile and difficult to handle 
especially when concentrations of the gel material, for 
example, pdyacrylamide, is low. Low concentration 



gels are necessary for separation of large (high 
molecular weight) molecules. However, these gels 
have little structural Integrity, 

To improve the mechanical stability and handling 

« properties of such fragile gels, heretofor nonconduc- 
tive support backings have been used. Unfortunately, 
these backings interfere with uniform transfer of heat 
generated from the electrical potential and from the 
resistance of the separation media and they cannot 

10 be used in electro-blotting experiments. Moreover, 
thin gels also have very low sample capacity and are 
not useful for separations on a preparative scale. 

Preparative gel electrophoresis can be performed 
on a bed of granulated swelfable beads such as 

15 crossllnked polyacrylamJde or other particulates such 
as crossllnked polydextrans. Preparation of the beds 
and Isolation of products from them is laborious and 
time consuming. Further, the bed has very little struc- 
tural integrity. 

20 Composite articles comprising a polytetraf- 
luoroethyfene matrix with particulate enmeshed the- 
rein have been disclosed. U. B. Patent No. 4,810.381 
discloses a composite chromatographic article com- 
prising a rx>Iytetrafluoroethylene (PTFE) fibril matrix 

25 and non-sweilable sorptrve particulate enmeshed the- 
rein. Other art disclosing polytotrafluoroethylenefjbr'il- 
lated matrix containing various particulate include 
U.S. Patent Noe. 4,906.378, 4,871,671; 4,810.381; 
4,565,663; 4,460,642; 4,373.519; 4,153,661; 

30 3,407,249; and 3,407.096. Electrophoresis appli- 
cation is not taught or suggested in any of these refer- 
ences. 

Processes for eiectrophoretic analyses are 
known. U. S. Patent No. 4,006,069 discloses an 

35 electrophoresis process utilizing a supported analysis 
member comprising a porous polymeric flat plate and 
a polymeric gei enclosed In the open pores of the 
plate. Materials used Include nonwoven fabrics. PTFE 
is not disclosed. 

40 Japanese Patent No. 60-164,242 (English lan- 
guage abstract) discloses a process for a polyac- 
rylamide gel film using a nonwoven polyester fabric 
This process is also published In an article "Fabric 
Reinforced PolyacrytarnkJe Gels for Bectroblortlng," 

45 In Electrophoresis, 6, 34-350, 1965. 

Other patents of interest in eiectrophoretic appli- 
cations include U. S. Patent No. 3,922,432. This refer- 
ence discloses a medium for a separation process 
prepared by bonding to the surface of a hydrated get 

50 sheet a layer of discrete particles of a sorptrve ma- 
terial. The particles themselves may be swellable so 
that they can become a continuous conductive 
medium tor electrophoresis. U. S. Patent No. 
3.875,044 discloses a method of drying and adhering 

55 an electrophoresis gel to a polymer film backing and 
then precisely cutting sample wells into the gel U. S. 
Patent No. 4.657,656 discloses a method of Increas- 
ing elasticity of polyacrylamlde gels by adding a mod- 
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ifier such as glycerol to keep the gel elastic even when 
dry. U. S. Patent No. 4.71 8.998 discloses a method of 
making a gel with an adhesive top and a thin polymer 
film overcoat useful for autoradiography. U. S. Patent 
No. 4.722,777 discloses a method of making gels with 5 
improved adhesion to a polymer support backing 
using inorganic oxides In the adhesive. 

SUMMARY OF THE INVENTION 

10 

Briefly, this invention provides a medium for 
electrophoresis comprising 

(a) a poiytetrafluoroethylene (PTFE) fibril matrix, 
and 

(b) particulate, electrically mobile Ions, and suffi- 
cient liquid in the interstitial spaces of said matrix 
to allow for ion transport 

the ratio of said particulate to PTFE being in the 
range of 99:1 to 4:1 by weight, and said ions being 
present In said liquid in an amount to provide a solu- 
tion of concentration In the range of 1 to 1 000 mlllimo- 
lar. 

Preferably, the medium Is self supporting. Par- 
ticulate can be swollen or non-swollen; preferably it is 
a swoBen gel which together with the liquid and ions 
fills interstitial spaces In the PTFE matrix, so that gel 
material is enmeshed within the matrix. Preferably, 
gel material (particulate, liquid, and electrically mobile 
tans) comprises In the range of 90.000 to 99.999% by 
volume, more preferably 95.00 to 99.99, by volume of 
the electrophoresis medium. 

In another aspect this Invention provides a 
method for electrophoretic analysis, the results of 
which can be used directly in blotting applications. 

Media of the present invention have advantages 
compared to state-of-the-art materials. Fragile mate- 
rials such as agarose and polyacrylamides can be 
incorporated into the fibriDated PTFE matrix to provide 
a dry precursor sheet that is stable in storage. When 
solvated, the media are dimensionaJIy stable <i.e.. has 
structural integrity) in the swollen or non-swollen 
state. The media are useful In both analytical and 
preparative (high loading capacity) modes of 
electrophoresis. 

The background art has taught that fabric reinfor- 
ced membranes are prepared from sols or monomer 
solutions which must then be polymerized. What the 
background art has not taught but what this invention 
teaches is that electrophoretic media, especially in 
the form of self supporting media, can be prepared 
from fibril I ated PTFE, liquid, ions, and containing vari- 
ous particulate enmeshed therein. The media are 
useful In separation science. Preferred particulate are 
dry, pre-polymerized and cross-linked materials. The 
result la that self supporting membranes for 
electrophoresis have structural integrity, can be 
unflbrmly fabricated to the size and shape desired 
(e,g.. can be made flat tapered, cylindrical, etc) and 



for the kind of electrophoresis desired. Membranes of 
this invention allow electrophoresis media to be prep- 
ared in a shorter period of time compared to that of 
user prepared gels, and can be used with or without 
monomers that may be toxic <e.g., acrylamide is a 
neurotoxin). 

Furthermore, because of the porosity of the pre- 
sent Invention dry (not solvated) precursor sheet the 
sheet can be easily and quickly solvated (generally 
involving hydration) and can be reverted to the dry 
state without loss of structural Integrity. Moreover, 
particulates including swellable. insoluble, croeslin- 
ked materials such as cellulosics and cross-linked 
microporous dextrans, can be incorporated into PTFE 
fibril matrix by the technology of this invention, which 
Is not possible by sol polymerization or by polymeri- 
zation of soluble monomers after Incorporation into a 
n on woven material. 

In summary, self supporting media of this inven- 
tion are comprised of a flbrllated PTFE matrix with 
liquids, tons, and at least one of a variety of particulate 
enmeshed therein. The particulate is uniformly distri- 
buted throughout the medium. The media can be used 
d lrectty for various forms of electrophoresis with dem- 
onstrated advantages over existing media such as: 

dry precursor sheets and electrophoretic 
media have excellent structural stability; 

they are easily handled, even when very thin or 
when a fragile particle is used in their preparation; 

they are self supporting, have structural Integ- 
rity, and do not require a polyester or other type of 
backing as a support; 

dry precursor sheets can be stored in the dry 
state, can be quickly solvated and the resulting media 
are at least equivalent to conventional gels with res- 
pect to separations obtainable; 

components separated by electrophoresis can 
be essay Isolated and recovered, for example, by cut- 
ting and sectioning the composite medium or by eleo- 
trobtotting; 

separation, isolation, concentration, and trans- 
fer of proteins or other components in a mixture can 
be effected In a single medium; 

PTFE fibrils are inert having a surface area of 
less than 1% of the surface area of the dry precursor 
sheet, and have minimal effect on the zeta potential 
(the potential across the diffuse layer of Ions sur- 
rounding a charged surface) of the material (and 
resultant medium) to be used for electrophoresis; 

media are ideally suited for eleotroblotting 
techniques known in the art For preparative Isoelec- 
tric focusing (lEF), the inventive precursor sheet can 
be solvated directly with an analyte solution of interest 
and thus avert transfer problems and dilutions; 

media are inert to (that la, do not change their 
chemical state): analyte sorption and interactions, 
stains, dyes, detection methods, and electrical fleid. 
In this application: 
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"particulate" means particle or particles; "gel* 
means a disperse phase (I.e. particulate and ionic 
compound, but not PTFE) as a more or less rigid mass 
enclosing within it a liquid; 

"PAGE" means polyacryl amide gel electropho- 
resis; 

"IEF" means isoelectric focusing; 

'dry precursor sheet" means a PTFE matrix 
having enmeshed therein particulate and optionally 
ionic compounds, also optionally Including proces- 
sing aids and excipients. in a dry state; the sheet has 
open spaces (voids) in the range of 30 to 70 volume 
percent; 

"electrophoretic medium" means the dry pre- 
cursor sheet with sufficient liquid (and tonic com- 
pound If not present in the precursor) to allow for Ion 
transport; preferably the pores of the precursor are 
completely filled with liquid and particulate; more pref- 
erably at least 1 0 volume percent of the voids contain 
gel material; 

"solvated" means a liquid that is In intimate 
contact with particulate, ions, and PTFE fibrils. It can 
swed particulate and fill remaining interstitial matrix 
spaces. 

"electrically mobDe ions' means Ions, which 
when dissolved in a liquid, will migrate under the influ- 
e nee of an electric field ; 

"Wotting" means the direct transfer of sepa- 
rated components from a separation medium to 
another medium (e.g., nitrocellulose); and 

"electroblotting" means blotting wherein the 
driving force for transfer of separated components to 
a second medium is electrical potential. 

BRIEF DESCRIPTION OF THE DRAWING 

The Drawing is represented by Figures 1 and 2. 
FIG. 1 is a scanning electron micrograph (SEM) of a 
commercially available polyacryf amide gel used tn 
electrophoresis (enlarged 160X). 

FIG. 2 is a scanning electron micrograph of a 
electrophoretic medium of the present Invention com- 
prising porytstrafluoroethyiene fibril matrix with added 
particulate (pdyacrylamide) and liquid enmeshed the- 
rein (invention) (enlarged 70X), 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The ratio of particulate to PTFE in this Invention 
media can be in the range of 99:1 to 4:1, preferably 
49:1 to 4:1, and more preferably 48:1 to 9:1, by 
weight 

Particulate material (which can be one material or 
a combination of materials) useful tn the present 
invention media is non-awellable or swellable in 
aqueoua or organic liquid, and preferably fs substan- 
tially Insoluble In water or the electrophoretic liquid. 



Particulate can be charged or uncharged. Preferably, 
not more than 1.0 gram of particulate will dissolve in 
1 00 g. of aqueous media (preferably distilled water) or 
organic liquid (preferably ethanol) into which partlcu- 
5 late are mixed at 20°C. Particulate, which preferably 
are uncharged, and which can be swellable or non- 
swedable depending on the liquid, can be an organic 
compound such as acrylamide or a sugar, or an Inor- 
ganic or organic salt, or a polymer such as hydrogels 
10 such as poiyacryl amides and derive tes thereof, 
polyvinylalcohols, poiyacryl ates, porymethacrylates, 
polyvinylpyrrolidone, styrenedivinyl benzene 

copolymer, agarose, agar, caiUosics such as end- 
capped cellulose and cellulose acetate, starch, d ext- 
ra rans, silica, polysaccharides, or particles coated with 
any of these materials. Preferred particulate are 
uncharged and are swellable and are capable of 
absorbing up to 2000 times their weight of liquid such 
as DMSO (dimethyl sulfoxide), and preferably water. 
20 More preferably, the particulate are gel-fomiing. 
Liquids In the media can swell the particulate and con- 
tribute to ion transport 

Particulates, which are commercially available, 
for example, from Sigma Chemical Co., St Louis, MO, 
25 Bio-Rad Laboratories, Richmond, GA, Aldrich Chem- 
ical Co., Milwaukee, WL Pharmacia LKB Biotechnol- 
ogy, Inc., Piacataway, NJ, or Dupont de Nemours 
Chemical Corp., Wilmington, DE. may have a spheri- 
cal shape, a regular shape or an Irregular shape. Par- 
30 ticulate which has been found useful in the invention 
has an apparent average size (diameter) within the 
range of 0.1 to about 600 micrometers, preferably in 
the range of 1 to 1 00 micrometers, more preferably 75 
micrometers. It has been found advantageous In 
35 some instances to employ materials in two or more 
particle size ranges falling within the broad range. As 
an example, particles having an average size in the 
range of 0.1-30 micrometers having electrophoretic 
activity may be employed in combination with parti- 
40 cles having an average size in the range 1 to 250 
micrometers acting as a property modifier. 

Some particle size reduction may take place dur- 
ing high shear mixing and calendering operations, 
depending upon (he friability of particulate. Thus, 
45 while the particulate Initially may be rather large, it 
may ultimately be reduced to a finer size In the final 
product 

Particulate useful In the present Invention have 
sorpoVe capacity In the range of zero up to 2.000 
50 times their weight, preferably in the range of greater 
than zero up to 500 times their weight Hydrophllic 
particles which undergo dimensional changes due to 
swellabllity can be desirable when performing IEF. 

In the dry state, particulate can be porous or non- 
55 porous. 

As described In the method of U.S. Patent No. 
4,153,661 , the active sweBable or non-awellable par- 
ticulate useful in the present Invention can be pre- 
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mixed with a property modifier which can function, for 
example, as processing aid orexcipient Representa- 
tive non-sweilab!e property modifiers (some of which 
may be soluble In water) can be calcium carbonate, 
ammonium carbonate, kaolin, polysaccharide, sugar, 
polyethylenes, polypropylenes, polymethacrylates, 
polyesters, potyamldes (e.g. nylons), polyurethanes, 
polycarbonates, zeolites, cellulosics, silica, vermicu- 
iite, clay, ceramics, and chelating particles, and the 
like, and particles coated with such materials and 
combinations of these particulates. These property 
modifier materials can be present in an amount in the 
range of 0 to 28.99 parts per part of PTFE, preferably 
0 to 9.00 parts per part of PTFE, provided that the 
swel labia and/or non-swellable particles plus property 
modifiers (i.e. total particulate) do not exceed 99 parts 
particulate to 1 part PTFE. These ranges are desir- 
able to achieve a preferred tensile strength of at least 
1.0 klloPascal (kPa) in the composite structure. Prop- 
erty modifiers can be active particulate depending on 
components In e medium. 

Other non weter-swetlable property modifiers 
may be advantageously added to the mixture of the 
PTFE aqueous dispersion and the primary particulate 
material to provide further improvement In or modifi- 
cation of the composite media of the Invention. For 
example, particulate modifiers can Include 
electrophoretically inactive materials such as low sur- 
face area glass beads to act as property modifiers and 
processing aids. Coloring anoYor fluorescent particu- 
late can be added at low levels (up to 10 weight per- 
cent of particulate) to aid in visualizing separated 
sample components. In some cases, particulate 
which act as property modifiers are active in the 
electrophoretic process. 

Liquids useful in providing the above-described 
aqueous-based liquids such as water, combinations 
of water and organic liquids such as water combined 
with alcohol (e.g., ethanol, methanol, glycerol, pro- 
pylene glycol), actda such as trifluoroacetfc acid, 
bases such amines, ampholytes such as Blo-Lyte™ 
(Bio-Rad), Pharmalyte™ (Pharmacia), Servalyte™ 
(Serva Chemical Co., Westbury, NY), and dimethyl- 
sulfoxide. Nonaqueous based organic liquids uselul 
in the present Invention Include nonpolar organic 
liquids such as toluene, and polar organic liquids such 
as acetonitrile, acetone, and alcohols of preferably 10 
carbon atoms or less. Water is the preferred liquid. 

Electrically mobile tonic compounds dissolved In 
the above-mentioned liquids for use in electrophoretic 
applications Include bases such as amino acids. e.g.. 
glycine, ammonium hydroxide, amines such as 
triethyiamine; 

salts such as Tris-HCi (tris-hydroxyTr^hylamino 
methane hydrochloride), aqueous and nonaqueous 
soluble borates {e.g., tetrafluoroborates), citrates, 
phosphates, and other buffers such as Good™ buffers 
(Sfcrna Chemical Company). Simple salts such 



sodium chloride, potassium chloride, alkali sulfates, 
carbonates, and nitrates, are also useful. Ionic com- 
pounds are present in the liquid so as to provide a sol- 
ution having a concentration in the range of 1 
5 millimolarto 1 .000 millimoiar. preferably 50 to 250 mii- 
limolar. 

When the electrophoretically active particulate is 
hydrophobic, the preferred method of manufacture of 
the medium of the invention utilizes an emulsion of 

10 PTFE with a masking agent added to modify the 
hydrophobic particle surface/water interaction and 
allow rapid wetting of the surface of the hydrophobic 
particulate. Preferred masking agents are polar 
organic compounds such as alcohols, amines, acids, 

is etc with the preferred compounds being alcohols due 
to their efficacious removability as by solvent extrac- 
tion or drying after formation of the dry precursor 
sheet. 

Comparative FIG 1 shows medium 10 having 

20 backing 12 and non-uniform polyaerylamide gel 14. 

As can be seen in FIG. 2, medium 20 of the pre- 
sent invention is uniform and comprises PTFE matrix 
swollen particulate 22, end liquid containing Ions In 
the interstitial spaces 24 of the matrix and In internal 

25 pores 26 of particulate (fibrils are too fine to be vis- 
ible), particulate is uniformly distributed and 
enmeshed within the PTFE fibrils. 

Specifically, the dry precursor sheet of the inven- 
tion is prepared by dry blending the particulate or 

30 combination of particulates employed until a uniform 
dispersion is obtained and adding a volume of mask- 
ing agent up to approximately one half the volume of 
the blended particulate. The aqueous PTFE disper- 
sion, which may or may not contain additional mask- 

35 ing agent, is then blended with the 
pa rfcu late/masking agent mixture to form a mass 
having a putty-Ike or dough-fike consistency. Blend- 
ing takes place along with sufficient lubricant water to 
meet but not exceed the sorptive capacity of the par- 

40 tides. Sorptive capacity of the solids of the mixture is 
noted to have been exceeded when small amounts of 
water can no longer be incorporated into the mass 
without separation. Care should be taken to ensure 
that the ratio of water to masking agent does not 

45 exceed 3:1. This condition should be maintained 
throughout the entire mixing operation. The putty-like 
mass is subjected to Intensive mixing at a tempera- 
ture maintained between about 20*C and 1 00°C for a 
time sufficient to cause initial fibrtSation of the PTFE 

so particles. Minimizing the mixing at the specified tem- 
perature is essential in obtaining electrophoretic 
transport properties. Mixing times will typically vary 
from 0.2 to 2 minutes to obtain the necessary initial fib- 
rillation of the PTFE particlee. Mixing causes partial 

55 fibrilation of a substantial portion of the PTFE parti- 
cles. 

Initial fibrillation wBI be noted to be at an optimum 
within 60 seconds after the point when aJ I components 
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have been fully incorporated together into a putty-like 
(dough like) consistency. Mixing beyond this point will 
produce a composite sheet of inferior eiectrophoretic 
properties. 

Devices employed for obtaining the necessary 
intensive mixing are commercially available intensive 
mixing devices which are sometime* referred to as 
internal mixers, kneading mixers, double-blade batch 
mixers as weli as intensive mixers and twin screw 
compounding mixers. The most popular mixer of this 
type is the sigma-blade or sigma-arm mixer. Some 
commercially available mixers of this type are those 
sold under the common designations Banbury mixer, 
Mogul mixer, C, W. Brabender Prep mixer and C. W. 
Brabender sigma Wade mixer. Other suitable inten- 
sive mixing devices may also be used. 

The putty-ltke mass is then transferred to a calen- 
dering device where the mass is calendered between 
rolls maintained at about 50«C to about 100*C to 
cause additional fibrillation and consolidation of the 
PTFE particles, while maintaining the fiquld level of 
the mass at least at or near the absorptive capacity of 
the solids, until sufficient fibrillation occurs to produce 
the desired sheet materia!. Preferably the calendering 
rolls are made of a rigid material such as steel. A use- 
ful calendering device has a pair of rotatable opposed 
calendering rolls each of which may be heated and 
one of which may be adjusted toward the other to 
reduce the gap or nip between the two. Typically, the 
gap is adjusted to a setting of 1 0 millimeters for the ini- 
tial processing of the mass and, as calendering oper- 
ations progress, the gap is reduced until adequate 
consolidation of components occurs. At the end of the 
initial calendering operation, the sheet is folded and 
then rotated 90° to obtain biaxial fibrillation of the 
PTFE particles. Smaller rotational angles (e.g., 20 to 
less than 90*) may be preferred in some eiectrophore- 
tic applications to reduce calendar biasing, i.e., 
unidirectional fibrillation and orientation. Excessive 
calendering in hydrophflic membranes (generally 
more than two times) in eiectrophoretic composites 
can increase hydrophobic! ty of the article surface, 
preventing hydration of enmeshed particles by 
aqueous liquids or buffers. 

The calendered sheet is then dried under condi- 
tions which promote rapid liquid evaporation yet will 
not cause damage to the precursor sheet or any con- 
stituent therein. Preferably, drying is carried out at a 
temperature below 200°C. Preferred means of drying 
is by use of a forced air oven. The preferred drying 
temperature range is from 20°C to about 70 e C. The 
most convenient drying method involves exposing the 
composite sheet to air at room temperature for at least 
24 hours. Drying time may vary depending upon the 
particular composition, some particulate materials 
having a tendency to retain liquid more than others. 
The resultant composite sheet has a tensle strength 
when measured by a suitable tensile testing device 



such as an Instron (Canton, Massachusetts) tensile 
testing device of at least 1.0 kPa and the sheet has a 
uniform porosity and a void volume of at least 30% of 
total volume. 

s A PTFE aqueous dispersion which can be 
employed In producing the PTFE composite medium 
of the invention is a milky-white aqueous suspension 
of minute PTFE particles. Typically, the PTFE 
aqueous dispersion wffl contain about 30% to about 

10 70% by weight solids, the major portion of such solids 
being PTFE particles having a particle size in the 
range of about 0.05 to about 0.5 micrometers. Com- 
mercially available PTFE aqueous dispersion may 
contain other ingredients, for example, surfactant 

15 materials and stabilizers which promote continued 
suspension of the PTFE particles. 

Such PTFE aqueous dispersions are presently 
commercially available from Dupont de Nemours 
Chemical Corp.. Wilmington, DE, for example, under 

20 the trade names Teflon 7 * 30, Teflon™ 30B or Teflon™ 
42. Teflon™ 30 and Teflon™ 30B contain about 59% 
to about 61% solids by weight which are for the most 
part 0.05 to 0.5 micrometer PTFE particles and from 
about 5.5% to about 6.5% by weight (based on weight 

25 of PTFE resin) of non-ionic wetting agent, typically 
octylphenol polyoxyethytene or nonyiphenol 
poJyoxyethylene. Teflon™ 42 contains about 32 to 
35% by weight solids and no wetting agent but has a 
surface layer of organic liquid to prevent evaporation. 

30 it is generally desirable to remove, by organic liquid 
extraction, any residual surfactant or wetting agent 
after formation of the article. 

To be useful as an eiectrophoretic medium, the 
dried precursor sheet Is then saturated with a solution 

35 which provides the above-described medium which 
contains at least one electrically mobile ionic com* 
pound. The solution becomes an Integral part of the 
resulting medium which when gelled generally has a 
consistency similar to that of raw beef liver or when 

4o non-gelled generally has a consistency similar to that 
of chamois cloth. 

The present invention provides a novel 
eiectrophoretic medium and method therefor. In such 
a medium almost all of the particulate are separate 

45 one from another and each Is Isolated in a cage or 
cage-like structure that restrains the particulate on all 
sides by a fibriflated mesh of PTFE mlcrofibers. The 
preferred dry precursor sheet of the Invention has a 
thickness In the range of 125 to 10,0000 micrometers 

so end has a tensile strength ofatleest 1.0 kPa and even 
as high as 13.6 mPa. The dry precursor sheet is sub- 
stantially uniformly porous, making It suited for use. 
when solvated. as an eiectrophoretic medium which 
can be used as a single self-supporting medium or a 

55 combination of media to form a stack or as a compo- 
slte having the medium adhered to a aupport such as 
glass, paper, metals, or polymers. 

The media of the present Invention can be a gel- 
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conventional gel. 

In preparative isoelectric focusing (IEF), dry pre- 
cursor sheets of this invention can beso{vated directly 
with the analyte solution of interest which averts trans- 
fer problems and dilutions. After dectrophoretic sepa- 
ration of the sample Into its component parts is 
accomplished, components can be easily isolated by 
cutting the solvaied sheet with a razor blade or scis- 
sors and recovering the analytes as is known to those 
skilled In the art Separation, isolation, and concen- 
tration of proteins or other components in a mixture 
can be effected in a single, rather than multiple steps. 

Dry precursor sheets are inert to chemical and 
sorptfve interaction, and PTFE fibrils therein have a 
surface area of less than 1 %. and have minimal effect 
on the zeta potential of the electrophoretic medium. 

The medium can be used alone or in combination 
with another medium to form a discontinuous 
electrophoretlc medium which comprises a stacking 
gel and a separating gel In physical contact with each 
other. 

Objects and advantages of this invention are 
further illustrated by the following examples, but the 
particular materials and amounts thereof recited. In 
these examples, as well as other conditions and 
details, should not be construed to unduly limit this 
invention. 

EXAMPLES 

The following examples show that media of this 
invention can be used as self supporting media for 
various forms of electrophoresis. A fibrillated PTFE 
matrix serves as a binder to which a variety of particu- 
lates can be added directly or with further modifi- 
cation. Use of PTFE-containlng membranes as media 
for electrophoresis demonstrated clear advantages 
over conventional gel media. 

Methods and materials (general) 

In these examples. 5 cm square media were used 
in a Pharmacia automated electrophoresis PhastSys- 
tem 7 " (Pharmacia LKB Biotechnology, Inc., Piscata- 
way, NJ); however, virtually any size or shape 
(Including tube gels) can be prepared using PTFE- 
contarning media technology so that any commercial 
or customized electrophoresis unit could be used. 

Electrophoresis experiments were performed in a 
PhastSystem using conditions listed below, Instru- 
ment temperature was maintained at 0 to 15°C. 
Ampholytes for isoel ectric focusing were Bio-lyte 3/1 0 
(Bio-Rad Laboratories, Richmond, California). Media 
were prepared using agarose and cross-linked 
poryacryi amide beads (75 micrometer average 
diameter) from Bio-Rad Laboratories. Standard mixt- 
ures of proteins were from Bio-Rad (IEF Standards pH 
4.6-9.6 or prepared from individual proteins from 



Sigma Chemical Company, St. Louis, MO). All other 
chemicals were electrophoresis grade. All of the 
media of this invention were prepared as detailed in 
the appropriate examples below. Trials where further 
s modifications of the media were made are noted 
appropriately. 

All amounts are by weight unless otherwise indi- 
cated. All media had tensile strength of at least 1.0 
kPa in the solvated and dry state. 

10 

Electrophoresis Separation Examples 

Example 1: Isoelectric Focusing in 
Agarose-PTFE-contalninfl Media 

15 

A dry precursor sheet containing 10% PTFE, 
88.2% sucrose, and 1.8% agarose was prepared as 
follows: Dry sucrose and agarose (Bio Rad, 
Richmond, VA) particulate were blended together In 

20 a beaker. 5 grams of ethanoi were then added to the 
mixture and distributed uniformly. 3.7 grams of PTFE 
emulsion (Teflon 30B) were added slowly while the 
mixture was being stirred. When ail the PTFE was 
added, the resulting putty-ilka mass was vigorously 

25 stirred by hand for 60 seconds. The mass was then 
transferred to a two-roll mil for further processing. 
After a series of biaxial calendering steps, the dist- 
ance between rolls was reduced in a programmed 
sequence until a sheet with a thickness of 0.5 mm (21 

so mils) was produced. 

The sheet was boiled for 15 minutes in water to 
dissolve the sucrose and to hydrate the agarose. The 
medium was then washed with cool water for 15 
minutes and placed in a solution containing 2.4% v/v 

35 ampholyte solution (water) (Bio-Lyte ™ 3/1 0, Bio Rad, 
Richmond, CA) and 5% v/v glycerol. Isoelectric focus- 
ing was then performed. A pH gradient was first gen- 
erated using a 200 voit field (3.5 watt max) for 25 volt 
hours. A sample of standard protein mixture (Bio-Rad 

40 IEF Standards) containing about 10 micrograms of 
each of 8 different proteins was spotted onto the 
media and a 200 volt field was applied for 80 volt 
hours. The separated proteins were then visualized 
using Crocein Scarlet stein (Aldrich Chemical Co., 

45 Milwaukee, Wl). The eight proteins in the mixture 
were dearly separated. The medium remained tough 
and flexible both when wet and after drying. 

Example 2: Isoelectric Focusing in 
50 Polyacryiamlde-PTFE-coriteining Medium 

A precursor sheet containing 90% cross-llinked 
pdyacryiamkJe and 10% PTFE was prepared as fol- 
lows: Dry poryacryi am We particulate (75 micrometer 
55 average diameter) (Bio Rad, Richmond, VA) was 
placed in a beaker. 20 grams of ethanoi were added 
to 3.7 grams of PTFE emulsion (Teflon SOB) and 
sfowty stirred until the PTFE emulsion began to 
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aoglommerate. While the mixture was being continu- 
ously stirred, the ethanol/PTFE solution was added 
rapidly to the poJyacrylamlde particulate. When all the 
PTFE was added, the resulting putty-like mass was 
vigorously stirred by hand for 60 seconds. The mass 
was then transferred to a two-roll miB for further pro- 
cessing. After a secies of biaxiai calendering steps, 
the distance between rolls was reduced in a program- 
med sequence until a sheet with a thickness of 0.15 
mm (7 mils) was produced. The dry precursor sheet 
(75 micrometer average diameter) was placed in a 
solution containing 4% v/v ampholytes in water and 
25% v/v glycerol for 15 minutes. Excess liquid was 
removed from the medium with tissue paper, and the 
medium was placed Into the PhastSystem. A pH gra- 
dient was formed in the medium using a 400 volt gra- 
dient for 10 volt hours after which 50 and 100 
microliter ellquots of the standard protein (Bio-Rad 
IEF standard mixture) mixture were applied and 
focussd first at 40 volts for 1 volt hour followed by 
1 000 volts for 400 volt hours. An excellent separation 
of the proteins In the mixture was achieved. Even 
minor components of the hemoglobin band in the Bio- 
Rad IEF standard mixture were resolved. The 
medium remained tough and flexible both when wet 
and after drying. 

Example 3: Preparative isoelectric Focusing 

A 0.2 cm thick dry precursor sheet was prepared 
from the 10% PTFE and 90% polyacrylamide compo- 
sition as described above. A 4.55 cm square piece of 
the sheet was solvatad with a solution of 25% v/v 
glycerol and 4% v/v ampholyte solution (Bio-Lyte 
3/1 0) In water for one hour. Thickness of the medium 
at this point had increased to about one cm thick. Its 
length and width, however, had only increased from 
about 4.5 to 5.5 cm. Excess liquid was then pressed 
out of the medium by gently pressing It between 
sheets of paper towels. A sample containing 250 mg 
each of equine cytochrome C, equine myoglobin, and 
bacterial glucose oxidase in 6 mi of a 25% glycerol, 
4% ampholyte solution was then pipetted onto the 
medium, which was then placed in the automated 
electrophoresis PhastSystem and isoelectric (bousing 
performed at 200 volts for three hours. About halfway 
through the process, the gel was flipped aver to 
increase resolution. The medium was then removed 
and examined. 

Electrophoresis separated the three proteins as 
three separate, sharp bands across the medium. After 
cutting these separated bands out of the medium with 
a razor blade, the respective proteins were recovered 
by homogenizing the protein band in a test tube with 
s stirring rod and then suction filtering the pulp to 
remove the protein which was subsequently shown by 
conventional isoelectric focusing to be pure. When 
dried, the medium remained tough and flexible. In a 



similar experiment, the dry precursor sheet was sol- 
vatad in a protein mixture solution to which ampho- 
lytes had been added. IEF was then performed 
directly on this medium and the proteins were sepa- 
s rated In a similar fashion as above. 

Example 4: SDS Discontinuous Gel Electrophoresis 

Example 4 teaches the separation of proteins 

10 utilizing a medium prepared from two separate dry 
precursor sheets, each containing a different amount 
of acryiamide monomer and each at a different pH. In 
one operation the two are Joined by polymerizing at 
one common side. One serves as the stacking gel and 

15 one as the separating gel, as is known to those skilled 
In the art Heretofor, this operation required two steps: 
polymerizing the separating gel and then layering 
over it a stacking solution which, in turn, was 
polymerized to provide the stacking gel. 

20 Two dry precursor sheets, 0.19 mm (7 mil) thick 
and containing 10% PTFE and 90% polyacrylamide 
beads (Bio Rad, Richmond, CA) were sdvated In 12% 
and 4% acryiamide solutions, respectively. These sol- 
utions contained the foflowing: 

25 12% Solution 

10.0 mL 1.5 M Tris-HCI buffer at pH 8.8 

0.4 mL 10% sodium dodecylsurfate 

(SDS) 

16.0 mL stock acryiamide solution* 
30 0.2 mL 10% ammonium persutfate sol- 

ution 

0.02 mL tetramethylenediamine 

(TEMED) 

13.4 mL water 
3S 4% Solution 

5.0 mL 0.5 M Tris-HCI at pH 6.8 
0.2mL10% SDS 
2.6 mL stock acryiamide solution - 
0.1 mL 10% ammonium persulfate soi- 

40 ution 

0.02 mL TEMED 
12.2 mL water 
"Acryiamide stock solution in both formulations con- 
tained 29.2% acryiamide monomer and 0.8% N.N 1 - 

45 methylene-bis-acrylamkie in water. 

The straight edges of the two media were placed 
in contact with each other and polymerization allowed 
to proceed. After polymerization (initiated by the 
ammonium persulfate). the media were found to be 

so securely bonded to each other. A standard 5 cm 
square medium was then cut from this joined medium 
such that the upper quarter was from the 4% (low pH) 
medium. This portion served as the stacking gel. A 
sample of a mixture of bovine serum albumin, bacte- 

55 rial glucose oxidase, end equine myoglobin (100 
micrograms each) in SDS was applied to the stacking 
buffer and electrophoresis was carried out at 300 volts 
for 1 00 volt hours. The medium was then treated with 
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a Cootnassfe blue stain (Aldrich Chemical Co., Mil- 
waukee, WJ) and examined. The three proteins were 
clearly separated according to molecular weights. 

The same experiment was repeated but the 
acryiarnide solution, TEMED. and ammonium persul- 5 
fate were not used. The low pH medium was again 
used as the stacking gel, only this time it was merely 
pressed up against the separating gel. Again, the pro- 
teins dearly separated according to their molecular 
weights. These data show that merely physically con- w 
tacting the stacking ge! to the separating gel was suf- 
ficient to achieve electrophoretlc separation of the 
mixture into its components. 



Example 5: ElectroUotting of Colored Proteins from 
fEF Polyacrylamide PTFH Medium onto a 
Nitrocellulose Membrane. 
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A dry precursor sheet composed of 10% PTFE 
and 90% crossiinked polyacrylamide beads (75 mi- 20 
crometer average diameter) was solvate d in a solu- 
tion containing 4% ampholytes and 25% glycerol for 
10 minutes. Excess liquid was removed from the 
medium with tissue paper and the medium was placed 
into the Phast System™. A pH gradient was gener- is 
ated in the medium using a 400 volt electrical gradient 
for 1 0 voit hours. Ten microliters of Bic-Rad IEF stan- 
dard protein mixture was then placed onto the 
medium, and the proteins were separated using a 
1 000 volt gradient for 400 voit hours. The IEF medium so 
was then placed on a nitrocellulose blotting mem- 
brane pre-wetted with transfer buffer (9.08 gram Tris, 
43.23 gram glycine, 750 ml methanol and 3 liters of 
water pH 8.3). Several layers of filter paper soaked In 
transfer buffer were placed on either side to sandwich 35 
the IEF medium and nitrocellulose membrane and the 
sandwich was placed in a blotting tank. The IEF gel 
was blotted 12 hours at 50 volts. After the nitrocellul- 
ose membrane was removed from the sandwich, the 
blotted proteins (colored) were visible on the surface 40 
of the nitrocellulose membrane. 

Example 6 - Electroblotting of Human 

Arrti-Thrombin 3 Protein from a Polyacryiamide 

PTFE Medium to a Nitrocellulose Membrane with 45 

Immune Detection. 

A polyacrylamide PTFE dry precursor was prep- 
ared and processed as In Example 5 with the excep- 
tion that the protein used was hu man antMhrombin 3 so 
protein (AT3, Sigma Chemical Co., St Louis, MO) 
rather than the IEF standard proteins. Blotting to nit- 
rocellulose was performed as in Example 5. Detection 
of the blotted AT3* was accomplished by doubie 
immunological probes. The nitrocellulose membrane ss 
(after blotting) was placed in phosphate buffered 
saline with Tween™, avalable from Bio Rad, 
Richmond, CA, nonionlc surfactant (PBS-T) for 1 



hour. The membrane was then placed in a 1 to 50 dilu- 
tion in PBS-T of goat anti-human ATS for 1 hour. This 
antibody (IgG)* specifically reacts with (binds to) 
human AT3. The membrane was then washed in buf- 
fer A (50 mM Tris, 1 mM MgCfe PH 9.3) for 1 hour. The 
membrane was then placed in a 1 to 500 dilution in 
buffer A of rabbit anti-goat IgG* conjugated to alkaline 
phosphatase for 1 hour. (This antibody specifically 
reacts with goat IgG and has aJkaline phosphatase 
activity.) The membrane was then washed In buffer A 
for 1 hour. The bound human ATS was visualized by 
incubating the nitrocellulose membrane in buffer A 
containing 5-bromo-3-chtoroindolyl phosphate 
(BCiP)* and nitro blue tetrazolkim (NBT)\ These two 
compounds reacted at alkaline pH in the presence of 
phosphatase enzyme to produce a purple color at the 
site on the nitrocellulose where the phosphatase was 
bound. The phosphatase was covalently bound to the 
rabbit anti-goat IgG protein, which in turn was bound 
to the goat anti-human AT3, which in turn was bound 
to the AT3 on the nitrocellulose surface. This cascade 
of binding ensured that only AT3 was detected as a 
purple band on the nitrocellulose. 

•Goat anti-human ATS, rabbit anti-goat IgG con- 
jugate with alkaline phosphatase, BCJP, and NBT, ail 
purchased from Sigma Chemical Co., St Louis, MO. 

Various modifications and alterations of this 
invention will become apparent to those skilled in the 
art without departing from the scope and spirit of this 
invention, and it should be understood that this inven- 
tion Is not to be unduly limited to the following illustra- 
tive embodiments set forth herein. 



Claims 

1 . A medium for electrophoresis comprising 

(a) a polytetrafluoroethylene (PTFE) fibril mat- 
rix, and 

(b) particulate having an average size in the 
range of 1 to 600 micrometers, electrically 
mobBe ions, and sufficient liquid in the intersti- 
tial spaces of said matrix to allow for ion trans- 
port, 

the ratio of said particulate to PTFE being 
in the range of 99:1 to 4:1 by weight, and said tons 
being present in said liquid in an amount to pro- 
vide a solution of concentration in the range of 1 
to 1000 miJIimolar, and wherein almost all of said 
particulate are separate one from another and are 
isolated in cages or cage-Ike structures of PTFE 
microflbers. 

2. The medium according to claim 1 wherein said 
particulate la at least one of polymeric, organic, 
inorganic, uncharged, and charged. 

3. The medium according to claims 1 and 2 wherein 



10 



BP 0 459 707 A1 

said particulate Is selected from the group con- 
sisting of end-capped cellulose, cellulose ace- 
tate, starch, polysaccharide, sugar, agarose, 
agar, polyacrylatee, polymethacrylates, styrene- 
drvylbenzene copolymers, poiyacrylamidss, 6 
por/vinyiacohol, polyvinylpynrolidone, and parti- 
cles coated with these materials. 

4. The medium according to claims 1 to 3 further 
comprising at least one property modifier. 10 

5. The medium according to claims 1 to 4 wherein 
said liquid is at least one of aqueous-based and 
organic liquids. 

1$ 

6. The medium according to claims 1 to 5 wherein 
said electrically mobile ionic compound Is selec- 
ted -from the group consisting of acids, bases, and 
salts. 

20 

7. The medium according to daJms 1 to 6 which Is 
at least ons of a separating gal and a stacking gel. 

8. The medium according to claims 1 to 7 wherein 
said particulate are pojyacryiamide particulate 25 
having an average size in the range of 1 to 100 
micrometers, and said liquid Is water. 

9. The medium according to claims 1 to 6 which has 
been dried to provide a medium for so 
electrophoresis which is uniformly porous. 

10. A method for electrophoresis comprising the 
steps: 

(a) applying a sample comprising one or more 35 
components onto the medium according to 
claims 1 to 8, and 

(b) applying an electric current to said medium 
of sufficient strength and for a time sufficient 

to effect separation of the components of said 40 
sample. 

11. The method according to claim 10 further com- 
prising the step of subjecting said separated com- 
ponents to electroblotting. 45 

12. The method according to claims 1 0 and 1 1 further 
comprising the step of individually cutting each 
separated component from said medium. 

60 
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